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EXPERIMENT STATION 



AN SUGAR PLANTERS* ASSOCIATION 



Mr. Frank J. Sheridan, ■ 

Special Agent, U. S. Dept. of Commerce. 

Dear Sir: — I transmit herewith a paper entitled, "The Rela- 
tion of Applied Science to Sugar Production in tlawaii." 

This has been prepared with the cooperation of Messrs. Bur- 
gess, Lyon, Norris, Potter and Swezey of the staff of this Ex- 
periment Station, and is intended in some measure to convey to 
you the infonnation you requested of me. 

Respectfully, 



Honolulu, October 15, 1915. 
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The Relation of Applied Science to Sugar 
Production in Hawaii 



INTRODUCTION. 

Hawaii ranks lliird among the countries supplying cane sugar 
to the markets of the world. Cuba and Java take first and 
second place.* That the output of both Cuba and Java is far in 
excess of that of Hawaii is graphically told by the accompanying 
chart, an<l is readily accounted for by the more advantageous 
conditions under which the industry in these foreign islands is 
operated. 

It might be concluded at first thought, because these three 
widely separated island localities are to the forefront in catering 
to the demand for cane sugar, that their success is <Iue to some 
favored conditions with which they have been endowed in com- 
mon against the rest of the world lying within equivalent lati- 
tudes.' This is not the case. The cultivable areas of Cuba. Java 
and Hawaii are but the smallest fraction of the total frost-free 
tillable areas of the globe. To enter fully into an explanation 
of why the cane sngar industry has attained ascendancy on these 
islands would be to trace the sociological and political upheavals 
that have affected the decline of cane sug;ir production, first in 
the countries around the Mediterranean, afterwards in Brazil, 
San Domingo, the British West Indies and other districts where, 
to go back to early history, there were promising cane sugar 
outlooks. It suffices for the present, however, to show that the 
survival of sugar production in Cuba, in Java, and in Hawaii is 
due to separate and distinct causes, for the -industries of the three 
districts are built upon totally dissimilar foundations. 

The mainstay of sugar production in Cuba is the abundance of 
cheap lands. 

The mainstay of sugar production in Java is the alnuidancc of 
cheap labor. 

Hawaii has neither chea]> lands nor cheap labor. As a .substi- 
tute for these she has developed, and must perforce maintain, an 
efficiency which is well ahead of that of her foreign competitors. 

This contention may be emphasize<l by setting forth a few 
salient facts picturing the position in which the American islands 
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are piacerl in ujjiiohting- their cliief iiuliistry, Wc quote from 
Geerligs, a world authority on sufjar ; 

It is to be eonaiilereil a jjteat ail\antage for the t'ubau 
OTJBA. industry that tlie fertility of the soil allows sugar cane to be 
treated as though it were a weeii which, once |)lanteil, wauts 
hardly any further care or treatment. ' ' 

But little eare is bestowed on the planting, and jet the sugar i-aiie 
onre idanted yiehls ample crops for years, and that without any uiaiiviniig 
or tillage to speak of. When in the euil the cane is considered too old 
for a further crop, and the old atubbles are removed, the same soil when 
jilanted anew will yield again very satisfai-tory iTops for years, and that 
without any rotation of cropa, till finally being esliaiisted it will be aban^ 
doned and used as pasture land. 

After the cane is cut, the stumps are covered with dry leaves to 
|)re\ent too great an evaporation, and owing to the natural moisture of 
the ground and the occasional showers the eane will soon shoot up again, 
and, as a rule, is once more ripe twelve months after the cutting. The 
sugar content of first and second ratoon. ranea is supjiosed to be highest, 
while after the second ratoons the yield of cane becomes less. Gener- 
ally five to six ratoons are grown, but very often this number is ex- 
ceeded as circumstances require. A gooil i-rop should yield at least 
8(l,0U(l arrobas per caballena (liS.OOIl lbs. or 27.8 tons per acre), although 
hoiuetimes ]Ol),ilOO and even J(ll),00O arrobas are obtaineil. The average 
crop is 50,000 arrobas per caballeria (17.33 tons to the acre). As soon 
as a ]>lot promises n.o larger a crop than 20,1)00 arrobas per cabalieria 
(say seven tons to the acre) it is usual to plant anew, proviiling there 
is no lack of labour. But when labour is scarce, and it ia too late in 
the seaaon to expect a timely hari est from the cane by the following 
crushing season, it is better to Iteep on the same i-ane for another year 
as this is more profitable in the end. The same field may happen to yield 
a crop exceeding 20,000 arrobas, m whn h case it is kept a^jam for f urthei 
ratoons, so that at the best of timea fields ma^ atill vieid quite satis 
factory cropa without requiring any fresh planting, after ha\ing been 
I lit uninterruptedly for 311 seisons 

Fieht treatment does not airount to much on some molern estates 
it -(impb ijnolves (uttmg ant weeding the grass regularlv and going 
with a plough, drawn by oxen, betneen the rowi in oriler to loosen the 
soil after the cutting is done but ei en thi^ loo'<ening of the earth is 
often neglected so that reaping the crop is the oalj treatment tlio cane 
J lantationi regularly witness besides that of planting and weeding 

The cost prue of sugar lepends primarily on that of the raw 
maternl and on the percentage it yiclda, and finalh on the expense ol 
manufacture packing and transportation to the harbour Suppose 100 
arrobas of cane have c,0Bt the mill $2 70, and jiel 1 10 pei cent of sugar 
the lost ot 1 arroba of sugar in raw material would be t" 27 suppofe 
the cost of manufacture to amount to SO 10 iier arroba tnd that of 
transportation to $0 05, then the co<(t prue of augar delnered in the 
warfhoutes on the toast will come to 42 centa per arroba — Is 6d i>er 
cwt, not including inteiest on amortisation, lapital and loans, renewal 
of maihinen, eti Should all these items be tiKen into i on-ii leration 
the totil lost irup will le fiom ^ to 2'i cents per lb Imng e<j unlpiit 
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to fls. 4il. to lOa. a.l. per ewt., according to a number of ilata obtained 
in 1B(I7, by the Committee of Waya and Means in the United States." 
Doubt lesB there are estates in which the cost price is far less, 
owing to a favourable situation near the sea, which ilecreaseR the trans 
portation expenses. Willett and Gray quoted ia 1910 as coat price of 
Cuba sugar at average f. o. h. Cuba 1.85 cents per lb., and at average 

e, i. f. New York 1.95 cent. They fixed 3 tents \mr lb. as maiimnm 

f. o. b. Cuba cost price, and 1.5 cent per lb. as the minimum. Their 
figures, consequently, are lower on the whole than those quoted by the 
manufacturers in 19U7." 

The transport cost by railway sometimes forms a eonaiderable 
part of the expense; it amounts, for instance, to G(l centB a bag of 32.1 
Spanish pounds— that is about n.a cents per lb., or about )l'/id. per 
cwt. — for all factories which ha\e goods conveyed to the coast by thi- 
Cuba Eailway Co., irrewpective of distance." 

Thus Cuba enjoys a low cost of production despite an exten- 
sive and inefticient system of agriculture. The laxity of Cuban 
methods is strongly indicated by the fact that the area under 
sugar cane in that Island is not definitely known. Such esti- 
mates as are published are based on dividing the total produc- 
tion of sugar by an assumed yield per acre. As against this 
state of affairs in Cuba, where for practical purposes the cane 
grows wild with little or no cultivation, the industry in Java is 
founded upon a most elaborate system of hand culture, for cheap 
labor is a keynote of sugar production in Java. This is clearly 
shown by the same authority whom we have quoted regarding 
Cuba : 



i'iitii|inrei( with most of the other cane-growing c 
uid is abundant and cheap, and labour is scarce and 
expensive, Java, with its 30,000,0110 inhabitants, wants the land 
badly for the cultivation of articles of fooi], so that the ground dis- 
posable for eane growth becomes costly and very limited. On the other 
hand, this extensive population offers an ample supply of cheap and 
readily accessible labour, which counter-balances the first-mentioned dia- 
advantage. This exjilains why it is advisable to proceed in Java quite 
differently from the manner in which they work in (,'uba, and why it is 
neeesaary in Java to obtain as much eane, and from the cane aa much 
sugar, as possible throutjli intensive tillage, manuring, careful up-keep, 
and constant care; whereas in other countries the quantity of cane pro- 
duced by a unit of area does not count so much, as there is an abundance 
of ground to be got for little money." 

As the cane grcws up it is banked with loose soil, which up to 
that time has been heapeil up between the rows. Finally, good care is 
taken by the tim^ the heavy rains of the west monsoon are liuo that ihe 
cane is entirely banked up, and stands on fairly high banks, so that the 
rain water can run off instead of being forceii to collect round the roots 
of the cane. As soon as the cane has ripened, vchii-h takes from eleven 
to fifteen months according to the kind of cane and the state of the 
weather, it is reaped and then dug out as deep as the root. 
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The average planted area dmounted for those yeara to 1,:(45 bouws^^ 
2,358 apres, so that the total cost of sugar eaiie in the field per houw 
amoiinteil to £26 11a. 8(1, (£15 3m. Id. per acre, or 4h. 9d. ppr picul i^nne 
(6s. 7d. per metric ton), not iiu'lndinj; interest, management, taxes, and 
other expenses. 

The prime coat of sugar, llrst of all depends on the <lasa wliiih is 
produced, on the post price and the qiiality of the cane, on the iU»taii<'e 
lietween the factory and the harbour, and also on the factory inntalla- 
tion. Generally speakinjf, it may lie taken that the manufacture of 
superior sugar eosts la. more than the brown sugar, basis 90.-1, and that 
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H. 's. Jacob published at the same time a specification of the prime 
coat of sugar, estimated for 212 factories during the years 1899 — 1902, 
and arrived at the following figures; 



1890 f 6,27 £8 lis. 

1801 f 6.24 £8 11a. 

1902 f 5.59 £7 13s. 

This includes intoreat on floating capital, but no intereel 

go on flsed capital, which really should be added to be exaci 

"The amount of £7 10s. 8d is specified by him as follows: 





Ppr Picul. 


Per Ton. 


Emplo-i es 


f 0^50 


£0 


:2s. 


Agriculture 


f J 110 


£2 


15a 




Transport ol cane 


t ObO 


£0 


16s 




Fuel 


f 07 


£0 


Is 




Wages 


f OU 


£0 


3s 


1 


Sundries 


f 07 


£0 


Is 


1 


Packing 


f 1b 


£0 


4a 




Transport of sugar 


f Odl 


£0 


Ss 




Haintenani e 


f 3^ 


£0 


8b 




Dnerse expenses 


f 017 


£0 


4s 






f 27 


£0 


7s 




New mathinerv 


f (159 


£0 


les 




Intere-it 


f (MO 


£0 


8s 





The yearly reports of the different joint stock companies ^ive 
various figures as the cost price of sugar on the several estates, which 
vary so much as regards the class of sugar, the distance from the sea- 
port, the interest on capital due, the produce, etc, that it is impossible 
to quote any fixed amount as cost price. Generally spealcing, we may 
consider H.'s. Jacob's tigHres still to hold good, so tloat the cost price of 
the sugar Nob. 11—13 D. 8. comes to f 5.50 per picul or £7 10s. 8d. 
per long ton, including all expenses except interest on the capital. 

Cuba is, of course, the greatest competitor with American do- 
mestic production, but the competition of Java is not to be over- 
looked on account of its indirect nature. Until recently Java 
sent considerable amounts of sugar to the American markets, in 
some years quantities amounting to more than half the produc- 
tion in Hawaii. It is interesting, therefore, to examine certain 
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coiiditions hearing upon sugar production in Java, Cnha anil 
Hawaii. 

The climate of Java is the most tropica! and hence the most 
advantageous for cane culture of the three localities. The aver- 
age temperature of Java is given at 7i^.7 \ that of Havana, Cuha, 
as 75.5 {the average temperature of the cane helt of Cuba is 
warmer than that of Havana) ; that of Honolulu as 7i (the 
climate of Honolulu, on the other hand, is not so cool as the 
average of the Hawaiian cane areas). 

In the matter of topography neither the Cuha nor the Java 
planters have to conlciKl with the almost mountainous condi- 
tions which characterize a large proportion of Hawaii's cane 
areas. 

In point of possible labor supply it is interesting to compare 
the po]>ulations of the three localities. For each ton of sugar 
produced in Hawaii there is a population of but 0.36. Although 
in Cuba scarcity of labor is frequently counted a great check to 
future development, Cuba has, in fact, more than twice the pop- 
ulation-per-ton-of-sugar-produced that Hawaii has: 0.85 against 
0.36. Turning to the immense population of Java it is found 
that there is a population of 20.55 for each ton of sugar pro- 
duced. 



/MWA// 

m 

0.36 
CUBA 

O.SS 
U/XVA 



POPULA T/O/V 

To/v of^ Sugar 



Tf wc stuily these figures in inverse ratio it is ajiparcnt thai 
Hawaii annually ]iroduccs 5,500 pounds of sugar per unit of 
population, while Cuha produces 2,300 pounds, and Java but 
97 pounds |)cr unit of population. 
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It appears, therefore, that wherever natural advantages are 
concerned, Java and Cuba are in the lead, but that in questions of 
efficiency flawaii takes first place. 

This is further exemplified in studying the production of sugar 
per acre of land. Hawaii produces 5 tons of sugar per acre; 
Java, with her superior climate and unlimited supply of labor, 
4.5, while Cuba produces but about 2 to 2.5 tons of sugar per 
acre.* Of course, if we compare the number of months that have 
been occupied in growing these crops, the foregoing figures are 
subject to aheration. It takes all but two full years to make a cane 
crop in Hawaii, while in Java the time varies from eleven to 
fifteen months. Cuba usually harvests a crop after an average 
growth of twelve to fifteen months. But the climatic conditions 
that necessitate such a long cropping period in Hawaii are a dis- 
tinct disadvantage, so that a comparison of yields prorated on a 
unit of cropping time would be distinctly misleading as a gauge 
of the quality of the agriculture in the three districts. 

An interesting comparison has been drawn between the inten- 
sive agriculture of Hawaii and mainland standards by Dr 
Arthur L. Dean. This is given as follows : 

' ' The improved arable land in. Hawaii is more intensively culti- 
vated than in any states in the Union. Selecting New York, Illinois, 
California, LouiBiana and the Island of Porto Rico as representative of the 
variuns agricultural regions of the United States, and nsing the statistics of 
the Thirteenth Census, one may compute the average valne of the crops per 
acre of improved agricultural land. In each case the total value of the 
crop (or the year 1909 is divided by the total acreage of improved agri- 
cultural land, giving thereby the average value of the crops per acre. 
The results, compared with the value for Hawaii obtained in the same 
manner, are shown as follows: 

Lalifurnia $18 44 

Illinois 1.J 2T 

Louisiana 1 J 66 

"New York 14 09 

Porto Kico 16 2S 
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tioiiH the I'Ost oH water aluiie will Pi|iial the totiil \iilui' nf an iii-ie of 
wheat, ami on iilaiitations where wHter nniit lie )miii)ipil it will liHionut 
to two or three times as much." 

"The Thirteenth ('ensiis fiives Hawaii's ]io|'nlation as 191,91)9 ami 
the area of iinjiroveil agcieultural lanil as 31)5,053 acres. During the ten 
years between the I'ensuH o£ 10011 anil that of 191(1 the ]ioiuilation in- 
i'reaseil 24.(i per cent, the area of imjiroveil lanil 3,0 per eent. On the 
liasis of the 1911) Cenaiia we had l.fiWi acres nf improve.! Isn.l per 
person." 

"If an agrictiltnral state like North Dakota iveic supporting „<, hirgp 
a population per aere of improveil farm land its population ivoidd num- 
ber 1^,9(1(1,11011 insteaii of the aetual mimber of .iTT.il.iM. In other wor.lH, 
Hawaii sup])orts twenty-two times as large a )io]iulalion as North Pa- 
Ifota per acre of imjiroved agricultural land." 

"The unique poHition of Hawaii in the proilm-tion of wealth per 
acre is due primarily to the niiwt highly ilevelopeil, orjraniKed, ami long 
continued applieation of science and business efficiency to be found in 
any lar^e agricnltnral iniluHtry. 

As a part of the modern btisiness system responsible for tlie 
development of tlie sugar industry in Hawaii, there are certain 
matters that the plantations, acting through their Association, 
have delegated to a central organization, their Rs|)erimeiit Sta- 
tion, which is, in fact, hut an arm of the industry itself. 

The fight against insect enemies and the control of fungus 
diseases are matters that lend themselves logically to co6))erative 
action on the part of the jilanters. Before these branches of 
work were inaugurated an institution had been fonned as early 
as 189.S to study the island soils and the methods of their treat- 
ment. This work has grown with the general ado|>tion of im- 
])roved methods imtil today the plantations have assigned to 
their Experiment Station luunerous (.-onimissions which in some 
way or other associate the Station with the greater ]>art of the 
activities of the industry. 

The development of the use of commercial fertilizers and irri 
gation water, the use of superior \'arieties of cane, the control 
of insect pests by their natural enemies or parasites introduced 
from foreign countries, the study of cane diseases and insect 
pests occurring in other parts of the world and the rigid c|uaran- 
tine guarding against their introtluction, the control of loca' 
diseases through selected plantings, the development of original 
methods of agriculture to suit unique conditions, the thorough 
chemical and engineering control of the factories — in brief, defi- 
nite attention to fundamental principles, is what singles out .sugar 
]>roduction in Hawaii as a striking example of science applied to 
industry. 
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AN OUTLINE OF THE EXPERIMENT STATION 
WORK. 

ent(imol(k;v. 

Insect Enemies. 

Study of the Habits and Life 1 1 istory of Siigar-Caiie Insects ; 
Anomala, or root grub. 
Bud Moth. 
Cane 13orer. 

Cut Worms or Army \V'orni5. 
Leaf-hopper. 
I-eaf- roller. 
Mealy bugs. 

Miscellaneous insects of minor importance. 
Introduclion of beneficial insects or parasites. 

This work includes the search for these insects in foreign 
parts, and the breeding of colonies for distribution. 

Leaf-hopper parasites, brought from Australia and 

Fiji. 
Hornfly parasites, brought from Europe. 
Anomala parasites, brought from Japan and Formosa. 
Cane Borer parasites (Tachinid flies), brought from 

New Guinea. 
Miscellaneous [larasites of minor importance intro- 
duced from various parts of the world. 
Plantation Inspections. 

General inspections i>eriodically to ascertain general entomo- 
logical conditions. 
Special inspections whenever conilitions require investiga- 
tion, or in connection with the work of spreading parasites 
or beneficial insects. 
Deterviinatiou and Classification of Insects. 

Determination of specimens sent in for identification, or col- 
lected by the entomologists. 
Systematic work on classification and (lescri|)tion of new 
forms. 
Maintenance of Insect Collections. 

Economic insects; injurious and beneficial. 
Endemic; or native insects. 

Foreign; collected on exploration trips for introductions of 
beneficial insects. 



Hosted by 



Google 



Hosted by Google 



Sliidics of sujjiir fane disctiscs and nierins for their contrul : 

Fiji disease. (A diseiise which thus far iias nol entered the 

islands. ) 
lliau. 

Leaf-spot diseases. 
Eye- spot. 
Ring, Spot. etc. 
Pahala blight. 

Root-rot or "Lahaiiia disease," 
Sereh. 

Yellow-stripe disease. 

Other minor diseases, and diseases of ]>lants other than ^ugar 
cane, such as Pineapple diseases and Stem-rot of Taro ami 
many others as listed tmder "Crops other than Sngar 
Cane." 
Economic Fuiiqi. 

The study of fungi of Itencfit to the industry, viz: 

Entoniogenous fungi, or fungi found useful in control- 
ling insects. 
Yeasts used in the fermentation of siigars into alcohol— 
of interest in view of the projiosed manufacture of 
denatured alcohol from molasses. 



Fertilizers. 

Chemical control work consisting of samplmg and aniyzmg 
the connuercial fertilizers purchased by the plantations, as 
a check on the manufacturers' guarantees of their compo- 
sitioii. 
Soils. 

Investigation of the ty])es of soils found ou the iilantations. 
Laboratory and iysimeter studies of the effect of commer- 
cial fertilizers and other manures on different sods. 
Miscellaneous. 

(general analytical work on samples submitted by the planta- 



MAKUFACTUKL-:. 

factory inspections to check the chemical control of the factory 
chemists, rqiort on the manufacturing operations, and sug- 
gest possible improvements. 
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special investigations of specific problems on i-e(|uests from plan- 
tations. 
Wcekh' Mill Reports. 

A' sheet is published weekly presenting a compilation ot the 
data of the chemical control of maniifactiire of each of 
the plantations. 
Amiual Synopsis of Mill Data. 

A similar publication presenting the season's manufacturing 
results of each factory. 
White Sugar Making. 

The study of methods to manufacture white sugar. 
Miscellaneous. 

The study of various problems connected with the maiiutac- 
ture of sugar. 

a(;ricl-ltl-i*i-:. 

Commercial Pcrlilizers. 

Experiments with regard to use of fertilizers, embracing tests to 
determine: 

The proper composition for maxmium yields under <ht- 

ferent conditions of climate and soil. 
The proper methods of applying fertilizer nnder different 

conditions of climate and soil. 
The relative response of different varieties of cane to 

given qtiantities of fertilizers. 
The effect of commercial fertilizers on the <|uahty of the 

juice of the cane, 

Cullivol'wn. 

Agricultural implements are studied with respect to their com- 
parative merits and suitability to varied conditions. 

Methods of cultivation of the different plantations and of foreign 
cane countries are studied and comparetl as to their respec- 
tive merits. 

Conservation of organic wastes, particularly the refuse of the 
cane crop, is studied with regard to arrivmg at the most 
economical means to be employed in this form of soil im- 
provement. 

Green Manuring -.^■ith Legumes. 

Introduction and testing of new leguminous plants t(j find those 
suited to the different localites. 
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Tests to (kterniinc i)ractical methods of introducing rotation 

cropping, or companion cropping with legumes into sugar 

cane agriculture. 
Experiments to detenuine the benefit resulting from rotation or 

companion cropping with legumes that have proved suitable 

to the Island conditions. 

E.r[<criments. 

To determine the comparative water requirements of dif- 
ferent varieties of cane. 

To determine the value of withholding the irrigation water 
for varying periods on increasing the sugar content of 
the cane. 

Tests to determine the benefit from liming: (1) acid soil.';; {2) 

non-acid soils having low lime content. 
Tests to compare the relative value of quick lime and coral-sand 

for the above ])uq>oses. 

Sul'slalions. 

SI'aipio Siib.Hatioii. 

An area of 1,5,t acres is devoted to field e."(|ierinients under 
practical plantation conditions: 
Experhiients in varieties. 
Experiments in cultivation. 
Experiments in fertilization. 
Experiments in conserving organic wastes. 
Experiments in irrigation. 
Plantation Substations. 

Experiments on the above subjects are |ilaced on the [ilanta- 
tions to note the effects of variations of climate and soil 
on different soil treatments. 



Paper Making. 

Study of the possibilities of bagasse as a i>a|)er stock. 
Denatured Alcohol. 

Study of the i)racticability of usir.g waste molasscb^ for this 
purpose, and recovering : — 

Potash from the waste liquors. 
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Beef Froduction- 

Study of the practicability of utilizing the cane tops as cattle 
food and maintaining a beef industry as a side line to 
sugar production. 

CROrS OTHER THAN su(;ar cani:. 

Leguminous crops for green manuring. After testing several 
hundred legumes some four or five were found to give promise 
under Hawaiian conditions. The seed of these are not to be had 
in the world markets. With the cooperation of the Federal Ex- 
periment Station plans are fostered to have the homesteaders 
grow this seed to supply the plantations. 

Pineapples. The diseases of the pineapple have met atten- 
tion since 1908. A publication dealing with the pineapple dis- 
eases was issued in 1910. At the present time, through an 
agreement with the Hawaiian Pineapple Packers' Association, a 
complete survey of the scientific problems of the pineapple in- 
dustry is under way. 

Forestry. Fungus diseases of the Eucalyptus and other forest 
trees have been studied. An investigation of the dying out of a 
Maui forest was at one time undertaken. 

Misc'ellaneous crops and plants. The staff of Plant Pathol- 
<^sts has met more outside calls for work on miscellaneous crops 
than the other departments. No other institution in Hawaii 
maintains a department of plant pathology. The diseases of 
many plants have been studied and reported upon. ^ These iit- 
clude, aside from those mentioned above, the following plants: 
the potato, the sweet potato, taro, banana, orange, papaia, peach, 
mango, alligator pear, date palm, alfalfa, cotton, vanilla, pepper, 
oats, barley, wheat, corn, litchi nut, and ornamental plants such 
as the hibiscus, rose, carnation, etc. 
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ENTOMOLOGY. 

By O. H. SWEZEY, 

The Entomological Division of the Experiment Station of the 
Hawaiian Sugar Planters' Association was organized in 1904. 
The factor most prominent in making the necessity for ento- 
mological work by the Experiment Station was the presence of 
the sugar cane leaf-hopper, prevalent throughout the cane helds 
of the Hawaiian Islands. This insect had been noticed a few 
years previously in some of the plantations. It had spread to all 
of them, and had occasioned great damage in many; m fact, was 
beginning to cause grave concern among the sugar planters, as n 
looked for a time as though the industry was threatened with 
ruin. 

The situation being urgent, the Association organized and 
equipped a department and secured a staff of entomologists to 
carry on entomological work. 

Naturally, as the leaf-liopper was the primal cause for this 
beginning of entomological work, the entomologists set to work 
on investigation of its habits, distribution in the Islands, damage 
to cane methods of control, etc. At the outset it was rec- 
ognized that the leaf-hopper was a foreign msect that must 
have somehow become introduced to the Hawaiian cane helds— 
now considered to ha\'e been brought about through the impor- 
tation of cane cuttings which contained the eggs of the leat- 
hopi>er some of which survived the voyage, then hatched and m 
due time became established at one or more sugar cane districts 
of the Islands, from which they had become dispersed ahnost 
entirely throughout the plantations before attracting any at- 
tention. 

Investigation of the probable home, or native country, of the 
leaf-hopper, pointed towards Australia. .The insect was not 
known to be a pest there, however, and so it was thought that 
there probably were natural enemies there which were respon- 
sible for this. Accordingly, two of the entomological staff went 
to Australia to make a study of the leaf-hopper there, and of its 
natural enemies, with the purpose of attempting to introduce the 
latter to Hawaii, if any were found. 

As a result of this work, many natural enemies were found, 
and several species were finally, after various attempts, success- 
fully introduced and established. These, in a few years after 
being established and widely dispersed, succeeded in checkmg the 
Ic-if-hopper to such an extent that the annual loss was reduced 
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from $3,000,000, as estimated in 1904, to an almost negligible 
amount for the most of the cane-growing districts. In some 
places there is still at times considerable injury by the leaf- 
hopper, but not anywhere near the amount resulting formerly, 
and occurring only in liniite<l areas. 

Of the parasites introduced from Australia for the sugar cane 
leaf-hopper, the most beneficial were egg- paras ites ; and of these 
the most important one. Paratiiu/nis optabilis, belongs to the 
family Mymaridae. It is so small as to escape the notice of all 
except the entomologists who are familiar with its a|)|)earance 
and habits, and kiiow where to look for it. It is to be found on 
the leaves of sugar cane which contain leaf-hopper eggs, where 
it is busily searching for the egg clusters and depositing its own 
eggs in the eggs of the leaf-hopper. The parasite larva con- 
sumes the contents of the leaf-hopper egg in growing to matu- 
rity, and completes its transformation to the adult stage within 
the host egg. eventually emerging as an adult insect in the ])lace 
of the young leaf-hopper which would otherwise have hatched 
from the egg. 

The length of life-cycle of the parasite i.s about three weeks, 
which is about one-half that of the leaf-hopper. It is thus 
enabled to breed and increase more rapidly than its host, anil 
becomes an effective check on the latter. This parasite has been 
the most important factor in the control of the sugar cane leaf- 
hopper; but the other introduced egg-jiarasites. as well :is several 
native parasites, predaceous insects, and spiders, have played 
some part. 

The staff of entomologists engaged for the above work ha.s 
been maintained with some changes in the i>ersonnel. the num- 
ber at any one time varying from four to six. 

While engaged in the above work with the leaf-hop]>er and its 
parasites, investigations were also being made on other sugar 
cane pests in Hawaiian cane fields whenever time or convenience 
permitted. Much information of this character was obtained 
at the time of periodical inspections conducted for the i>uri)ose 
of keeping informed on leaf-ho])per conditions and the distribu- 
tion of the parasites. Special inspections were also frequeiitly 
made to investigate special outbreaks of some pest. 

Resides the leaf-hopper, other important sugar cane pests in 
Hawaii are the weevil borer, leaf-roller, mealybugs, cane a]>liis, 
bud-moth, armywonns and cutworms, mole cricket, and a few 
minor ones that are generally distributed, while another which 
has but a small local distribution is the cane grub, or Anomala 
beetle. Nearly all are foreign insects that have become estab- 
lished here through the channels of commerce before the present 
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efficient system of cjuarantine inspection was instituted. Of these, 
the most work has been done on the cane borer. This pest has 
been present in the Islands for at least tifty years. It has done 
an enormous amount of damage. Sometimes whole fields would 
have as much as half the cane injured, and a third or a quarter 
was often the case. It is impossible to estimate With any accu- 
racy the extent of damage done, but a conser\'ati\'e estimate 
would be two per cent, which, during the past decade, would 
have amounted to nearly one million dollars annually. 

Several years were spent by one member of the entomological 
staff in searching for natural enemies of the cane borer, and 
efforts toward their introduction to Hawaii. Finally, in 1910, 
a species of Tachinid fly. which was found to be parasitic on the 
same borer in sugar cane in New Guinea, was successfully in- 
troduced in Hawaii, h'or two years colonies of this fly were 
bred at the Station and distributed to the sugar plant;itions. The 
parasite readily became established and rapidly dispersed through- 
out the plantations, reducing the borers so that they are no longer 
to be considered a serious pest. 

As an example of the benefits resulting from the checking of 
the borer by the introduced parasite, on one plantation the yield 
of sugar per acre was increased by over two tons. This would 
be 2.000 tons on a plantation harvesting 1,000 acre.s annually, 
and would mean $150,000 with sugar at $7? per ton, or more, 
according to how much higher is the price per ton. Not all plan- 
tations were benefited to this extent, as most were not so badly 
infested by borers as this one was formerly, but the total saving 
to the sugar industry of the Islands would amount to a good 
many thousand dollars annually. 

From the beginning, there has been at least one member of 
the staff almost constantly traveling in some foreign country in 
search of beneficial insects that might be .introduced. Trials 
have been made with quite a number that have failed. A few of 
minor importance have succeedeil. At the present time efforts 
are being made to find and introduce parasites for white grubs, 
the larvae of Anomala beetle. 

As time has allowed, systematic work has been done on collec- 
tions of insects studied in foreign countries when searching for 
desirable parasites. Some of the results have been published in 
bulletins. 

The entomological staff has built up a large collection of Via- 
waiian insects, including those of economic importance to other 
crops, as well as those of sugar cane, and any and all insects of 
interest faunisticly, or otherwise. These are necessary for ref- 
erence in manv ways, as in determining specimens sent in from 
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the plantations, material for systematic study, and ability to rec- 
ognize any new pest that may at any time turn up. Considerable 
of the material collected by members of the staff when engaged 
in parasite investigation in foreign countries has been mounted 
and arranged in tlie insect cabinets. Much of this has been 
worked up, and more will be as opportunity permits. In these 
cabinets are several hundred "types"; that is, the specimen of 
insect from which the species was originally described. The col- 
lections are the more valuable on this account. 



PLANT PATHOLOGY. 

By H- L. I,v(iN. 

A solution of sugar is the best all-around culture medium for 
the cultivation of fungi, ft seems to be the one food material 
on which the majority of fungi can live and flourish. Plain 
cane juice with its natural impurities better suits the needs of 
fungi than does refined sugar or the chemically pure i>roduct. In 
fact, all fungi prefer glucose and other invert sugars to sucrose, 
for they almost always convert sucrose into invert sugars before 
they can actually feed upon it. 

It is rather to be expected, therefore, that the sugar cane plant, 
with its store of choice, rich juices, will, from time to time, be 
severely attacked by fungi which learn .some method whereby 
they can force an entrance to its tissues. This conclusion is 
amply supported by evidence derived from the history of the 
sugar industry in other countries. 

In 1841 a-mysterious "fungoid" disease ajipeared in the sugar 
cane of Mauritius and Reunion and almost accomplished the com- 
plete elimination of the crop. In lcS82 the now famous .sereh 
disease appeared in west Ja\a, and in the course of five years 
spread over the entire island, bringing their sugar industry to the 
verge of destruction. In the early nineties the so-called "rind- 
disease" practically eliminated the Bourbon cane from the West 
Indies. The sugar planters in that region had grown the Bour- 
bon for upwards of a hundred years, and it ranked as their very 
best variety. 

The cane variety kno\m in Hawaii as I.ahaina is identical to 
the Bourbon of the West Indies. I'^or jiiany years it had been 
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the favorite cane variety in tliese Islands, and vvliere it can Uk 
grown successfully it is still an excellent variety. About 1900 
the Lahaina cane on the Island of Hawaii began to show evi- 
dences of disease, and in the course of five years it failed com- 
pletely on that island and had to be abandoned for other varieties. 

A troublesome casie disease had been recognized in Hawaii 
since the inauguration of the local sugar industry. '1 his disease, 
christened Fliaif by the natives, was known to be responsible for 
great losses each year; and, in fact, one of the plantations of 
early days was forced to dose down because of the continued 
heavy losses caused by this disease. 

The Hawaiian Sugar Planters were quite familiar with the 
serious conditions into which the sugar industries of Java, the 
West Indies and other countries had been thrown by the advent 
of epidemic diseases among their canes, and, with their own La- 
haina cane failing and Iliau causing conspicuous losses in their 
fields, they founded a department of plant pathology in their Ex- 
periment Station in 1905 to aid in coping with iiroblems of tiiis 
nature. 

The investigations conducted by this department have siiown 
that there are, at the present time, nine different fungi which are 
active parasites on the cane plant in Hawaii. Then, in addition, 
there are two microscopic round-worms or nematodes which 
attack the living roots of the cane. Besides the disorders caused 
by these parasites, our cane is also subject to three serious dis- 
eases for which no organic cause has as yet been detected. In 
addition to the disease-i>roducing organisms, there are a great 
number of saprophytes which live in intimate relation to the cane 
plant and require careful watching. 



(Jf the fungus diseases, iliau is undoubtedly the most s 
and will serve to illustrate the ])roblems presented by a cane 
disease. 

The name iliau is a Hawaiian expression meaning "tight skin" 
or "hide bound " It \ ery aptly describes the one conspicuous 

Fiff. t V raiie shnnt showliiE n t\|ji<Hl i-ane of iliou Tbe outi^r Je>hvi » nrv 

a haul uiiMtldlng raue TliL stem lip is bo 8ecuri>1v Imiind up },■. lh« 
h«iclvn«d lenC basea that it wiU lie ongble to moke an> further growth 
Fig. 2 A cane nhoot whirb miuBged to ktow sway from the dieEase BlthouRh at 
one time badl; atFecled 'Die iliau fungun actually penetrated the htem and 
prodnred severe wuiindK wbirh nltlionsh not deep would nevertheless render 
thf Ftem so veak and brittle at thia point that it would probablt hr unuble 
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that the stem has become variously bent and doubled upon itself 
ill striving to continue its elongation. 

It very often happens, when a young shoot is attacked by the 
fungus, that the rapid elongation of the stem will carry its apex 
through the danger zone before the mycelium has progressed 
upward and inward sufficiently far to cement the leaf-sheaths 
together above it and head it olT. In such cases the operations of 
the fuiigtis are confined to a few leaf-sheaths, and may perhaps 
scar the stem slightly at one or two nodes, but the shoot will pass 
through the disease without sufifering any considerable harm. 
Sticks which have thrown off the disease in this manner are very 
numerous in our cane fields. 

There are also infrequent cases where shoots have recovered 
from iliau, altliough at one time in a very serious plight (I'age 44, 
Fig. 2). Such sticks always have one or more joints near their 
base which are badly shriveled and blackened. These joints arc 
always weak and brittle, and the stick is very liable to break off 
here as it increases in length and weight. 

Itiau is a disease which thrives to best advantage during cool, 
damp weather. In fact, it is only under these conditions that it 
can make any appreciable headway. It is most abundant, there- 
fore, where these conditions most frequently obtain. In the 
fields of low elevation on the southerly slopes of the mountains 
fatal cases are of infrequent occurrence. A very destructive epi- 
demic occurred, however, in such a field at 400 feet elevation 
during the winter months of 1910-11. In all fields at high eleva- 
tions well-marked cases of iliau can usually be found at any sea- 
son of the year, and this is more or less true of most low-lying 
fields having a northern exposure. 

Iliau is therefore always present in, or at least not far removed 
from, every cane field in the Islands. If, while a field is carrying 
young cane, a period of cool, damp weather occurs, the disease 
is sure to make its presence apparent. Its 'spread through the 
fields, as well as the severity of the individual cases, will depend 
upon the continuation of the cool weather. With the return of 
warm weather, favorable to the growth of the cane, the disease 
is checked and many of the shoots only recently attacked will 
grow away from it. Severe epidemics of iliau are most frequent, 
therefore, in those localities where one or more months of con- 
tinuously cool weather are of yearly occurrence. 

As a general rule, it can be said that any shoot which shows a 
well-marked case of iliau is not worth saving by artificial treat- 
ment. All practical methods of combatting this disease must be 
in the nature of preventive measures rather than cures. 
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Thorough preparation of the soil previous to planting is a very 
efficient measure against ihau. After a crop of cane has been 
harvested the soil is certain to be well tilled with the mycelium 
and spores of the iliau fungus. Such of these as are peniiitted 
to remain continuously buried until the next crop has started will 
undoubtedly retain their vitality and serve to infect the plant 
cane whenever the weather conditions become favorable. Such 
spores and mycelium as are brought to the surface and exposed 
to the sun for only a few hours, however, are effectually de- 
stroyed and can cause no further trouble. The more times the 
soil is worked over, therefore, the larger will be the percentage 
of spores which are brought to the surface and killed by being 
exposed to the sun. 

Another practice which yields good results as a precaution 
against iliau is early ])lanting of all fields liable to become se- 
verely affected. The result aimed at is to secure a good stand 
of cane as far along as possible before cold, damp weather sets 
in. As long as the cane shoots remain clothed in a series of 
closely-clasping, succulent leaf bases which extend down into the 
ground, they are liable to fall prey to iliau if the necessary con- 
ditions f9r infection obtain. If the cane can pass through this 
critical period during warm weather it is fairly safe from the 
disease. 

The investigation of this disease disclosed the characters and 
habits of the responsible fungus, and our preventive measures are 
based on this knowledge. 



There is no way of knowing just when some new disease is 
going to appear in ejjidemic form in our fields, but there are 
certain precautions which we may take to ]>rotect our crops. To 
have an epidemic disease among our plants, an aggressive para- 
sitic organism capable of causing the disease must be at hand. 
Such an organism may arise locally or it may be imported from 
some other country. 

Any incipient parasitic organism attacking a plant may at any 
time acquire such virulence as to render it capable of causing a 
destructive epidemic. (Jr a parasite may suddenly take to a new 
host plant with disastrous results for that plant. The coffee leaf 
disease, caused by a parasitic fungiis, was first observed on a 
single estate in the hilly country of Ceylon. It spread, how- 
ever, with incredible rapidity and soon had extended its ravages 
throughout India. China, the Malay Peninsula, and every island 
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in the Orient where coffee was grown.* The fungus causing 
this disease proved to be one that had previously occurred only 
on the leaves of a wild plant common in the forests of Ceylon 
and India. ]t is evident that some unknown influence acting on 
certain individuals of the original race of fungi taught them to 
live on the coffee plant. From this source there sprang a race 
which by choice lived entirely on the leaves of the coffee. 

We recognize, therefore, that parasitic organisms, and even 
saprophytic organisms, may so change their habits as to suddenly 
render them dangerous enemies to our cane. To insure our 
crops against such an event we are acquiring an accurate knowl- 
edge of the habits and life-histories of all organisms to be found 
growing in intimate relation to the sugar cane or allied plants in 
Hawaii. Then if one of them should at any time become dan- 
gerous we shall know the most vulnerable point in its life-cycle 
and the best methods of combating its spread. 

For most cultivated crops there are now extant many organ- 
isms capable of producing epidemic diseases. These organisms 
are usually confined to certain countries by geographical bar- 
riers. It can be safely stated that, should one of these organ- 
isms be introduced into any country where its host plant is being 
cultivated, a serious epidemic is almost certain to follow. 

The first and most effective protection against the importation 
of disease-producing organisms is a strict plant quarantine. The 
second line of defense is perfected by obtaining a thorough 
knowledge of the disease to which our crops are subject in 
other countries. Then if one of these diseases appears, knowing 
its symptoms and cause, we shall be able to recognize it at once. 
The prompt institution of adequate defensive measures will erad- 
icate any disease if it is discovered in time. To make our de- 
fensive measures adequate we must know the habits of the organ- 
ism causing the disease. 

The Hawaiian sugar planters fully recognize the dangers lurk- 
ing in other sugar-growing countries and support a very strict 
quarantine. They have taken out further insurance by sending 
their pathologists to Fiji, Australia, Java and the Philippines to 
study the cane diseases of those countries. This latter procedure 
has placed at their disposal a knowledge of several very danger- 
ous cane diseases concerning which nothing had ever been pub- 
lished. 

When a very serious fungus disease broke out in epidemic 
form in the cane fields of Formosa we already knew the symp- 
toms and cause of the malady, and the source from which they 
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had imported it. In Formosa they did not become aware of 
the nature of the disease until it had gotten beyond their con- 
trol. There is not much clanger of the Hawaiian sugar planters 
having a similar experience with this or any other of the numer- 
ous cane diseases known to occur in the sugar-growing conn- 
tries around the Pacific. 



MANUFACTURE. 

By R, S. NdKKis. 



The so-called manufacture of raw cane sugar consists, in the 
simplest terms, of the recovery, in the form of small crystals, of 
the sugar which is in solution in the cane juice. This recovery 
involves, in general terms, the extraction of the juice from the 
cane by pressing, the elimination of those constituents of the 
juice that can be precipitated by heat and chemicals, the evap- 
oration of as much of the water as is necessary to allow the 
maximum quantity of sucrose to crystallize out, and the separa- 
tion of the sucrose crystals from the mother liquor. 

In this process of recovery it is the constant endeavor of the 
Hawaiian plantations to make use of the very best machinery 
and methods that are known. For the purpose of increasing 
the efficiency and economy of manufacture there is constantly 
being tried out on our plantations new processes and new forms 
of machinery invented here and in other cane sugar countries. It 
is in this way that Hawaii has earned the reputation of being in 
the lead over all other cane sugar countries in the manufacture 
of sugar as well as the growing of cane. A few quotations from 
authorities on this subject will bear me out in this statement. 
H. C. Prinsen Geerligs, the well-known authority of Holland and 
Java, in his book, "The World's Cane Sugar Industry," says: 
"The manufacture of sugar from sugar cane in the Hawaiian 
Islands is carried on in the very best possibe way. * * * Their 
factories are installed with the best machinery to be had." 

Professor Geo. T. Surface of Yale University, in his treatise 
on the world's sugar industry, "The Story of Sugar." says: 
"Hawaii leads the cane-growing world in the mechanical facili- 
ties of her mills." 

Mr. Noel Deerr, the Fiiglish cane sugar expert, formerly tech- 
nologist at this Station, in liis report to the Secretary of Agricul- 
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ture of Cuba on the sugar industry of that island, uses the 
expression: "In the highly etilicient and highly organized indus- 
try in Hawaii," in comparing the industry in that country and in 
this. 

In order to show how Hawaii compares with other cane sugar 
countries in the machinery equipment of its factories, and how 
rapidly new machinery and methods are adopted after they have 
been demonstrated to be improvements over the old forms, I will 
review the different divisions of the manufacture. 

It was demonstrated on these Islands that the highest results 
in the extraction of the juice from the cane cannot be obtained 
with less than four three-roller mills in the train. It is interest- 
ing to see how fast the use of the longer trains of mills spread 
after their increased efliciency had been proven. The following 
shows the percentage of the diiferent kinds of mills in use during 
a period of six years: 

No. of 3-roller iiiillf. 19(10 IflM HUl 1012 ]9]■^ l!tl-I 



Cane mills with four or more three-roller mills were in use in 
Hawaii for several years before any other cane sugar country 
adopted them. Prinsen Geerligs. Jn his book mentioned alwve, 
referring to the work of the cane mills in Hawaii, says: "The 
extraction results thus arrived at are never met with elsewhere." 

Java probably stands next to Hawaii in the high efficiency of 
her cane sugar factories. A comparison of the average results 
obtained by all the cane mills of each country, in extracting the 
juice from the cane, shows that Hawaii is far in the lead. The 
results in the table are e.spressed in percentages of the sugar in 
cine obtained in the juice, ordinarily called "extraction." 



Analogous figures for Cuba are not available, but from re.sults 
ivhich we have from a few of the leading plantations, we are 
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quite posidve that the average extraction there is no better than 
in Java. Results from six of these plantations for the season 
of 1914 show an average extraction of 91, the maximum being 
93.5. The maxiniuni in Hawaii runs over 98. This means that 
from tlie amount of cane that is anually ground in Hawan the 
output of sugar is about 25.000 tons greater than would be ob- 
tained by the quality of milling that is done in Java or Cuba. ^ 

As a further example of the rapidity with which new ideas in 
methods and machinery of proven value are adopted. I would 
refer to the case of a new method of grooving mill rollers in- 
vented by one of our factory superintendents. By grooving the 
rollers in this way it was found that a materially increased ex- 
traction could be obtained. The Messchaert deep juice-grooves 
were first tried at the beginning of the season of 1914. There 
are now in use 116 rollers grooved in this manner, in thirty of 
the forty-five mills in operation. 

Mr. Noel Deerr. in the Cuban report referred to above, makes 
the following statements in comparing the milling m the two 
countries : "The quality of mill work in general m Cuba does not 
reach the high standard to which the writer has been accustomed 
to in hi& Hawaiian experiences." "During the last few years 
the efforts in Hawaii to obtain efl^ciency at the millmg plant have 
been atteiuled with great success, and for the cro]) just finished 
the average extraction there is of the order of 95 per cent; that 
is to say. the mills have extracted 9^ per cent of the sugar m the 
cane I have no complete statistics of the work in Cuban mills, 
but of twenty returns to which I have had access, only two 
reached as high as 94 per cent. If these twenty nulls be taken 
as typical of the average, and they include some of the most 
recent as well as some of the older plants. I estimate the average 
extraction in Cuban mills as 91-92 per cent." 

Other instances of this keenness foi nnprovenients in our 
factories may be cited. During the season of 1913 a new form 
of settling tank was tried in one factory and found successful. 
It is now in use in nine other factories. The most reliable and 
effective means of increasing the steam and fuel economy in 
sugar factories has been by increasing the number of cells m the 
evaporator. In most cane sugar districts the evaporators usually 
have two or three cells, in Hawaii only one factory has a two- 
cell evaporator, and about fifty per cent of them use quadruple 
evaporators. Within the last few years nine factories have in- 
stalled large quadruple effects of the "Standard" type, this hav- 
ing been proved to be the form best adajtted to our needs. Just 
before the beginning of the season of 1912 the Technologist of 
the Station called attention to the advantages to be derived by a 
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further extension of the principle of multiple effect evaporation 
in the use of pre-heaters and pre-evaporators. In order to make 
use of these suggestions elahorate and quite expensive changes 
were generally necessary, hut, nevertheless, pre-heaters or pre- 
evai>orators are now employed in ten factories. In 1908 a new 
form of vacuum pan was installed in one of the factories, the 
usual copper coils heing rq)laced with a calandria. It proved to 
be efficient and now sixteen factories are using twenty-one calan- 
dria pans. 

The main activities of the Experiment Station on the manu- 
facturing side of the industry are the inspection of the factories 
during the grintling season, advice and assistance in overcoming 
any special difficulties, investigations and reports on new pro- 
cesses of manufacture, compiling a weekly tahnlar report show- 
ing the results obtained by each factory during that period, and 
an annual rqiort giving the manufacturing results for the sea- 
son and a discussion of them. 

Every season the Technologist of the Station inspects the 
work of a large proportion of the factories in the Territory, and 
reports are sent to the managers and directors of the planta- 
tions with comments on the quality of the work and su^estions 
toward improvements. The Station is also called upon for spe- 
cial investigations of particular parts of the manufacture. 

The opinion and advice of the Experiment Station is called 
for on any new processes that seem at all feasible. In this way 
it has several times saved the investment and loss of consider- 
able amounts of money in proijosed processes that contained 
technical fallacies which made them unworkable. The Station 
also recently carried out an experimental investigation on a 
manufacturing scale of an elaborate process covering a period of 
two years, for the Sugar Planters' Association. 

Each week practically every factory in operation on the 
Islands sends to the Experiment Station a report showing the 
composition of the various products and the weights of mate- 
rials handled. These figures are printed on a sheet in tabular 
form and distributed with as little delay as possible to the plan- 
tations. Particular care is taken to have the figures correct and 
to present the important ones in a striking form. This report 
is eagerly scanned on the plantations by those in charge of the 
factory operations, and it furnishes an incentive toward contin- 
ually renewed efforts for improvement in the work in order to 
keep up to or increase their standard. 

The annual report on manufacture gives the results obtained 
by each factory for the season. These results are discussed and 
the factories compared on the basis of them. It is probably re- 
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ceived with greater interest on the plantations than any other 
puhlication, and has contributed materially, during the last few- 
years, toward raising the standard of chemical control and of 
manufacture. 

A few average figures from the annual reports will serve to 
show the quality of the work done in Hawaiian factories: 
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For tlic items that are left Ijlank in this tahlc no figures are 
availahle. 

In the report the quality of the work of the different factories 
for the season is compared on the basis of the percentage of 
sugar recovered of that possible to recover. The recoverable 
sugar cannot be calculated accurately from the figures available, 
so that this comparison is only approximate, but it gives a gen- 
eral idea of the efficiency of the manufacture on the plantations. 
For the 1914 season the factory efficiencies stood as follows: 
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CHEMISTRY. 

By P. S. BUHGERK. 

When the Experiment Station of the Hawaiian Sugar Plant- 
ers' Association was founded in 1893, the chief work of the 
Station for the first few years was largely of a chemical nature. 
Prior to the founding of this Station, which was the first agri- 
cuhural experiment station to be instituted on these Islands, very 
little agricultural work of a scientific nature had been attemjited 
here. 

In 1882 Captain C. E. Button, employed by the U. S. Geolog- 
ical Survey, had spent a year on the Islands studying, more or 
less superficially, the geography, geology, people, plants and ani- 
mals to he found. His report, covering 137 pages in the Annual 
Report of the U. S. tieological Survey for 1883, contained prac- 
tically ai! that was scientifically known concerning the lavas and 
more especially the soils of the Hawaiian Islands up to 1895. 
The Sugar Planters' Station was thus a pioneer in the field of 
scientific agriculture on these Islands. 

The work in chemistry quite naturally falls under three main 
heads or divisions: research work, fertilizer control work, and 
miscellaneous analytical work. These three divisions in the 
work were made early in the history of the Station, and for the 
sake of convenience have been quite closely adhered to up to the 
present time. We will now give a very brief resume of the 
work done under these throe heads. 
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The research work lias been concerned largely with the phys- 
ical, chemical and biological aspects of the soils of these Islands, 
although other projects intimately connected with the manufac- 
ture of sugar and the growing of cane have, from time to time, 
received attention. 

The early work on Hawaii soils was of interest not only to 
the planters here, hut also to soil scientists in other lands. No- 
where else do we find such a diversity of soil types, or such 
abnormal soil formations as are here encountered. The rocks 
composing the whole mass of the archipelago, with the excep- 
tion of limestone and coral formations, are of comparatively 
recent volcanic origin, and may be collectively termed basaltic 
lavas. By disintegrating and weathering these lavas have given 
us soils of very different types from those commonly met with 
elsewhere. They are primarily basic in composition, whereas 
those of North America, for example, are acidic. The basis or 
framework of Hawaiian soils are the oxides of iron and alumi- 
num, whereas the basis of mainland soils is silica. A glance at 
the following table will show these great differences better than 
words can express them. These figures represent averages of 
large numbers of soil analyses made by the "absolute" or "fu- 
sion" method. The column marked "Mainland Soils" represent.s 
averages of soil analyses from almost every State in the Union 
and from provinces in Canada. The column labelled "Hawaiian 
Soils" gives average figures for over 300 composite samples of 
soil from the leading types on all of these islands. All of these 
analyses were made here and under similar conditions. 

TIawaiiu.j Soils, irainlaiii! Soils. 
Per CMit. Per Cent. 

Riisir i'ljiislitiifiil.'i (W.TIT IS.DSII 

[■■Pvt):( + Al:,0,| ;>!).i'4() IS.S.IO 

Oa<") t).<)9H 0.830 

MuO I .•2-m 0,771 

The tabic below shows ditTereuces in the .soils from the two 
areas as brought out on analysis by the "agricultural method" 
(hot digestion 10 hours in hydrochloric acid, sp. gr, 1.115). The 
figures here also represent averages of many determinations. 
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Hawaiian Soils. Mdinluiid Soila. 
Per Cent. Por Cent. 

SoliiMf ninttiT (ia.S94 IS-llO 

Insoluble niatt.T ;tl.lUli S4.SflO 

Soluble silica l'>.'M» T,840 

Insoluble siliea 12.«1H 72.()97 

It is of interest to state here that analyses of (German soils 
were obtained from Professor Maerclier, and of Knglish soils 
from Professor Lawes. Averages of these compared fairly 
closely with those of American soils. 

The above data require little comment. It shows that the 
cardinal difference lies in the relative contents of iron and alii- 
iiiina and of silica. 

Physically, as would be expected, the soils differ greatly 
among themselves and also from American soils. The average 
specific gravity of Hawaiian soils is 2.87 as compared with about 
2.6 for American soils. The specific gravity of the former, free 
from- combustible matter, is approximately 3.4. 

The soils of the Islands are, for convenience, classified or di- 
vitied into two large groups, the "niakai" or low-lying soils, and 
the "mauka" or upland soils. The niauka lands, at an elevation 
usually of 500 feet and above, receive by far the heaviest rain- 
fall. Their nitrogen content is thus about three times that of 
the low-lying makai lands nearer the sea. The following table 
gives the average chemical composition of these two soil groups, 
and represents averages of detcrminahons on soils from all the 

.Miikiii yoils. Miiiikii Hoilg. 

Plant Food Islfitiont- Pt-v <'oiit.- Per Cent. 

CaO IU74 0.2fi» 

KaO M2H 0.:-(S2 



The makai soils are largely sedimentary soils which have been 
brought down from the mountains by streams and otherwise, and 
are sometimes mixed with considerable quantities of coral. These 
soils are as a rule much richer aiid deeper than the mauka soils, 
and usually produce larger crops. 

Due to the preponderance of iron and aluminum, the phos- 
phoric acid in Hawaiian soils is in large part locked up so se- 
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curely that plants can iise it with difficulty. Some soils, con- 
taining over 12,000 iionnds I'Jir. per acre-foot, give less than 
twenty pounds in an immediately available form. 

The nitrogen also in most of our soils, although present in 
large amounts, has been found to be very resistant to rapid 
nitrification, and thus exists largely in unavailable forms. 

Potash, as it exists in Hawaiian soils, is present in a fairly 
available state. The same may be said of lime. 

Besides the large, amount of laboratory work which has been 
done on soils brought directly from the field, many lysimetcr and 
tub experiments have been conducted, both cropped witli cane 
and fallowed. These tests have been made with the following 
objects in view: to note the effect on the growth of cane of 
applications of fresh and salt irrigation waters; to determine the 
transpiration coefficients of cane at different stages of growth and 
the amounts of water required to produce cane of different va- 
rieties (pounds of water per pound of sugar) ; to determine the 
rates of nitrification of cfifferent forms of organic nitrogen in 
soils; to determine the effect of various forms of lime and of 
the fertilizer salts on nitrification in manka and niakai soils; to 
determine the effect of molasses, as a fertilizer, on nitrification. 

Much chemical work has further been coni])leted on the com- 
position' of the different varieties of cane and the amounts i>f 
plant foods which these different 'varieties withdraw from the 
soil per crop, and per ton of sugar produced. 

Since irrigation is of prime importance in many localities on 
these Islands, much chemical work has been done on the natural 
and well waters, both as regards their "alkali content" and also 
for dissolved plant foods present. 

Reference was made above to certain other fields of chemical 
research somewhat removed from soil and pianf work. A 
lengthy and complete study was recently made on the composi- 
tion of evaporator scale which was found to be largely sulphate 
and phosphate of calcium, Hoiling with a dilute solution of 
sodium carbonate for the sulphate scale, and 'A% to 1% hydro- 
chloric acid for phosphate .scale, was recommended as a means 
of their removal. The manufacture of alcohol from waste mo- 
lasses was also thoroughly .studied. Eight varieties of yeast 
from as many parts of the world were carefully tried out as to 
their respective fermentation efficiencies. 

About seven years ago Lahaina cane, which, by the way, is not 
a hardy variety, being especially susceptible to any slight adverse 
condition, began to show signs of deterioration on some of these 
islands. The plant pathologists and entomologists have as yet 
been unable to associate any disease or parasite which might 
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pany the analysts reports with an estimate of the amount of 
rebate due the purchasers, as calculated from official valuations 
founded on market prices. 

The Pacific Coast fertilizer shipments are sampled at San 
Francisco; the inter-island shipments are sampled in Honolulu. 
Each tenth bag of a consignment is sampled and from the sample 
so obtained the two bottles are filled; one being brought to the 
Experiment Station and the other to the plantation agency to be 
held in reserve in case the former sample should show a defi- 
ciency. After receiving the samples, the Experiment Station 
sends out printed forms to the plantation agencies, who fill in the 
guarantees of the fertilizers in question and return them. Our 
agent in San Francisco carries out the sampling in the same way, 
the samples being forwarded to the Experiment Station and to 
the plantation agencies once each month. All analyses are made 
in the chemical laboratories of the H. S. P. A. Experiment 
Station, in Honolulu, by the adopted official methods for ferti- 
lizer analysis. The following is a resume of this work for the 
past nineteen years: 
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The above figures show that during the last fifteen years 5950 
fertilizers have been analyzed with a total indicated rebate to 
the i)lantations of over $80,000.00, or about $3510.00 per year. 

MISCrXLANEOUS AMALVTICAL WOKK, 

The plantations belonging to the Hawaiian Sugar Planters' 
Association send to this laboratory samples of all kinds whose 
chemical composition is desired. The analyses are made and the 
results submitted as soon as is compatible with accurate work. 
Among these miscellaneous samples the following predomuiate: 
molasses, sugars, cane juices, limestone, coral sand, lubricatmg 
and fuel oils, coal and ashes. On an average, about twenty mis- 
cellaneous samples per month are received and analyzed. 

The work of the chemical division is carried on by the chief 
chemist, who is also responsible for the research projects; two 
fertilizer chemists; one analyst, whose time is well taken up 
with the miscellaneous samples, and three laboratory assistants. 
Changes are occasionally made, depending on the work. 
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AGRICULTURE. 



With the adoijtion of rigid quarantine measures against the 
possibility of introducing injurious insects and plant diseases 
from foreign countries, it became necessary to forego the oppor- 
tunity of bringing in superior cane varieties from other cane- 
growing localities. Prior to this time several excellent canes had 
been introduced. One of theni. the IJemerara 1135. has gained 
considerable popularity, and its area is being rapidly extended. 

The loeal propagation of new seedling varieties was then re- 
sorted to as a relief from this situation. Sugar cane seedlings 
are in the vast majority of instances greatly inferior to the 
parent plants, and it is only by propagating them by the thou- 
sands and gradually weeding out the poorer ones that canes of 
commercial promise can be obtained. The following list gives 
the number of seedlings that have been i)roiiagale<I by the F.x- 
periment Station : 

1900 AliDiU ri.illtll M(-.'illiiij; viirii'tios 

1911 " ■">*' 

1H15 " -■' 



The relation of this work to the plantations may be judged 
from a report prepared in 1913 on the question of varieties, from 
which we quote as follows : 

111 ment lears tlip Hawaiian |.Wiil it oi -. Ii u k m te 1 tin ii ittu 
tioiL imn.ii.llh to tliree ^ ir.etics of v. ^ ii . i" -tlip Kom It . i I o.) tl 
Lahaina, anl the \ellott 1 aledonia 

Toilav Kohe Bamboo Uai been ImteU clro]i]iea, le"-- ^ren is liun^- 
ileioteil to Lahaiin thin forinertj, preator a(reaf!Os are iilaiiteil to \ ellon 
( ale<lonm than it any tiino siii. e it, m earanee in the hlanilp, aii.l ther. 
tre a niiral.er ot new varieties thit ari, beiiis tested and in some m 
staiiies Lradu^lly extendel 

It IS more eBpecialJ-s the jmri-ose of this re|>ort to show the eUeiif 
to which the«e new varieties are eii-roa(hig uiion tho so called Standard 



9 attempt ih made 



s of the 



different ^arieties~<oniiiarHtne aieis is the ]ioint under eoti«ideralio 

\\e And that m all there are ibont Ui .iiffeient kuids of <aue h- 
(■rowii on the jilantations of the Hawaiian Hupar I'lanters Assoi latii 
and that of these there are 42 varieties grown i ommereially, (oneedi 
that when an are. of one a.ro or more is devoted to a (ane it awsun 



Hosted by 



Google 



72 

a certain commerdal sign ifii: ante. On this basis Hawaii lias 19 com- 
luercial varieties, Kauai 6, Maui 9, and Oahu 33. 

lii jioiiit of area Yellow Caledonia is more extensively cultivated 
than any other variety, it being credited with over 110,1100 acres for the 
1914 and 1915 crops, against about 75,000 acres for Lahaina. 

From the crop of 1913 to that of 1915 Yellow Cale Ionia has a slightlv 
in<reased arei, while Lahaina shows a decline ot about 5(KI0 acres On 
each of the four island-i there is a rejiorted decrease in Lahaina On 
Oahu thi-i amouuts to nearlj 4000 acres A decrease in \ ellow Cale 
loma IS shown on Hawaii while the other three islan Is show inereises 
in this \anety Oaha reporting a gain of about 2-00 acres We have no 
means of gauging the extent to whiih the reported deelmes will be male 
ui from short latoons in J91'5 now classified aa 1S14 acres and the 
flares shouhl be accepte 1 with this m new' 

Tl e next most important i ariety is D 1135 to which 2709 acres have 
been ilantel for the 1915 croi) Striped Tip shows 26bU acres lut this 
IB a decline from 374fi in the 1013 crop while D 113'> increases from 
S29 acres a gam of oier 'iOll acres 

^\ hereas Lahaina is reporte 1 from 2i plantations an 1 \ellow < ale 
donia from i\ there are 41 liantations growing D 11 J i either con 
mercialh or exf erimentallv Of these 41 there are 29 which hi\e an 
area of one 7cre or more of this | romisinj, Demerara see [iiufc there 
are nine plantations with areaf of over a hui Ired icres eich there are 
three plantations with o\er 50U iires and one of these has oier 1(100 

Another mteiesting [ omt about the D 113'i is that it is more evenly 
distribute 1 throughout the four isJan Is than inj other % ariety bor 
the 1014 and 1915 crois Oahu leads with 1'589 acres Hawaii follows with 
1178 while Maui an 1 Kauai report 163 aul 484 acres respeetnelv niak 
ing 4194 acres now un ler eultnation 

Aside from the varieties thus far mentionel there are but two others 
which ocfun areas of o^er IIIOO acres — D 117 and bellow Bambaa 
Jt IS sioUifi ant to note that of the seien varieties of cane which occupv 
areas of oier one ttouiand acres there are only three which show well 
definel extension I otwoen the 1913 inil lOl') crops — lellow ( aledonia 
D 1135 and D 117 Lahaina Rose Bamboo and Striped Tii all show 
decreased areis 

On the other haul there are about thntecn new varieties which 
though cultivate I as >et on i com] aratii ely sniatl scale have been ex 
tended to an appreciable extent iin e the 1913 crop began This fact 
makes these canes stan i out j rominentlv among the l-irge number whuh 
liave been undergoing preliminary tests for seieral vears Thev are 
listed as follows. 
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H 1 l--^ 

H IS 11 

II 109 I 

II 146 i ' 

HlSl 1 

H 197 '* 

H 202 1 1 

H 227 12 
H2qi 

H333 -I 

H ^^') I ■> 

Sime all tlie other \aueti.es in the iilatila had from se\pri1 to iinin 
years start on the Hawaiian Beedlmg", it may be well to see what is 
beiiifi lone with those eanea whifb La^e survived a loii„ weries ot ttst 
inj; Leoim with some fi\o thoueanit germinations semrpil about tbi, jear 
IfiU) In api roximately six years time thexe ha\e been re-huel to 
1211, ami 2(i of them ha^e pioieil suftiuently iiioiiii9in[{ to be tnltnatel 
toil-n 111 bloiks exteinlinjj from one apre niwarU 

To tbese Iwentj six Hawaiian aeeillinfrs the 11 S P A i lantations 
are now leiotmR B22 aires for the 1914 ami mn <roi.a H\ far the 
Rreatei jortion of thw is on the Islanrl of (Inhn whuh (ontnbutes (it!! 
Biieb or '*^% of the whole amount Hawaii furnishes 1(1" atres aiil 
Kauai IS aeres while Maui retiorts but 2 aires 

Lool m^ more eloselj into these HtfaTea we fin I that > wa 1 lantation 
has a „reatir area m Hawaiian seeillings than all the rest ot the leiri 
torv pnt tof^ether or 487 acres agamBt 3')5 acres to expresft the fi t in 
fi(.ures Oi the remaining 3j^ aires the Oahu Sugar (o claims o^et 
half to thnt these two i lantations ha^e liiO aere-? against 172 re port e 1 
from the other plantations of the Assouation 

Pia.tiialh all the iHntations hB\e been aitne m preliminary worl 
with these fanes, ami many of them are prepare I to rapidly extend cer 
tain laneties onee the element of doubt la finally removed from these 
new seedlinjfs II 227 H 14b mid 11 27 are the most wnlelv distributed, 
eaih leiiv reporte 1 in eoniinercial or expeiimental areas from IS plants 
tions while 111 of more plantations ha\ e eai h of the followiiitt under 
oboer, atioii II 20 H _., H 33 11 GS H (19 H 9% II 11)9 H 13") H 151 
H 19- anIH 2411 

On the whole the further we go the more of a question this matter 
of nneties becomes With two suih ev ellent eanes as Lahama an 1 
\ellow (aledonia it m]t,ht appear to "ome that un hie strews is ilaiel 
on the new vei llm^s But asi le from the liesirabdity of re(laiing ex 
eellent varietie' with better ones if thtv are to be had we are fon 
froiitel wjth the ] onsibilit^ however remote it maj be, that it m !\ li. 
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neueaaarv to pail others into p^ai to even maintain our present staniiardB 
Certain facts in connection mth the Lahaina cane ajpeared in the 
August nnmber ot the Flantrn Secott) to which it mnj be well to make 
briet reference here in saying 

* * * the re orils of other sugar cane growing countries &how 
that the Bourbon (Lahiina) eane has run ont m the majority of them 
and it3 cnltivation has had to be largely cnrtaileiJ or abandoned Thu 
running out has occurred after v erv ^ arying lengths of cultn ation m 
difterent countries It occurred m Queensland as long ago as 1&72 
when the vaneti hal been there in cultivation only a eomparativelj 
few years Its effect commented to be marked m the northern West 
Indian Islands earlj in the nineties of the last century probably pre 
celei somewhat in Barbados where its lultivation hii been the moat 
intensn e amongst the West Indian colonies and followed a little later 
in ht Vincent where from about lfi84 its culti\ ition ha 1 ceased to be 
jntensiv e * 

Added to this Tve know that the Lahaina larietv was once largeh 
cultnated m Mauritius and Natal and there 13 evidence that both Ta\a 
anl Cuba formally utilized it to a wide e\tent 

The playing out of Iiahama eane on the Island of Hawaii is a fami 
liar matter and the diffiiulty eiperieneed with tbia \arietv m certain 
fields on Oahu is bei*oming generally known 

W e do not attempt to say that the i-auee of the trouble is the same 
in all these instances We are not pessunitie enough to jredi t th-it 
Lahaina will not continue to flonnsh as a atandari cane »□ these Islands 
for many years to come or that Yellow ( aledonia would not tontinne 
to be a goo I substitute where Lahama falls by the wayside But be 
this as it may, the new varieties offer other baskets into which we mav 
put home of our eggs and they should be valued for this if tor nothing 

Yet there is the hope that we have found or that we miy tnd seel 
Imga which will prove better than either lellow Caledonia or Lahaina 
when these canes are at their test We have a good manv figures of a 
more or leas tentativ e character which encourage this belief There are 
several points which will help us to realize it In the fiist place we 
must appreciate the fa t that a vanetv mai le.line or may improve 
Its properties may not be i ermanently fixed Therefore in replacing a 
standard variety even to a limited legree we should not re]> on one or 
two seedlings In preliminary tests it is well not lo endeavor to aacer 
tam which of say fifteen seedlings is the most promising one but 
rather to pick out some five or more canes which may safely be extended 
to five acre blocks It is an easy matter to pass with some of these to 
fifty acre lots and then if any of them are worth planting to fielis of 
several hundred acres the fact will soon assert itself The ilea I mean 
to convey is that such work should be with the object of eliminating 
the poorer canea and carrving as many of the remainder as eirpum 
stances warrant But in mentioning these points I am doing little else 
than citing the example ot the plantations which have led 11 fhi*- i*oik — 
an example that will no doubt be largely followel 
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and are in the main cooperative undertakings between tlie plan- 
tation managers and the agriculturists of the Station. Then, 
too, there is the Waipio Substation, an area of 135 acres, de- 
voted to field experiments covering a range of subjects. Such 
matters as the proper formulas for fertilizer mixtures, the 
amount that can be profitably a|>plied per acre, the best time 
for application, are some of the issues that can be properly an- 
swered only by putting the question to the land itself. ]'"ur- 
therniore. these questions must be asked clearly so that there may 
be no misunderstanding the reply, and this involves care in 
planning the tests and in designing the system of field plots to 
be employed. 

This work extends also to the jjroblems of liming the land, 
and to the selection of the varieties of cane most suited to a given 
section, or in the finer points to methods for handling different 
varieties to gain advantage from their varying characteristics. 

(ireen manuring is another matter which must be handled 
experimentaily in order to find some way of fitting this recog- 
nized means of upholding soil fertility to the rather adverse cir- 
cumstances which the sugar agriculture of Hawaii opposes to 
its use. In the first place, green manuring has been difficult be- 
cause there appeared to be no green manuring crop that would 
resist the ever-present insect pests. After importing all avail- 
able leguminous plants and testing a hundred or more of them, 
some three or four remained which give promise, at least in cer- 
tain districts. Then the question arose of fitting them to the 
existing agriculture. The heavy irrigation expense, essential in 
some districts for cane, appeared prohibitive to a crop that re- 
turned no direct revenue. The expedient of finding a legume 
that would thrive between the cane rows was finally resorted to, 
and this plan is now luider trial. Other roundabout means of 
restoring the heavily-cropped soils are also being investigated. 
The idle fallowing of land finds no place where acres are scarce 
and the upbuilding of soils becomes the task of makhig re])airs 
under full steam ahead. 

The agriculture of Hawaii abounds with conditions of this 
kind— the need of developing unique methods to surmount unique 
difficulties has long since become a i)art of the day's work on 
the sugar |)lantations of Hawaii. 
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PUBLICATIONS. 



"Ihe completed investigations of the Experiment Station of 
the Hawaiian Sugar Planters' Association are published as tech- 
nical bulletins. Seventy-eight of these have been issued up to 
the present time, embracing some four thousand pages in all. 
These are divided among three series as follows: 

Agriculture and chemistry, 44 bulletins. 

Kntoiiiology, 13 bufletins (21 vols.). 

Plant pathology and physiology, 12 bulletins. 
These publications are sent to members of the Hawaiian 
Sugar Planters' Association; responsible employees on the H. S. 
P. A. plantations; to seventy federal and state experiment sta- 
tions, and similar institutions in the United States; twenty fed- 
eral departments or bureaus in Washington. D. C. ; eighteen col- 
leges and universities of high standing in the United States and 
abroad ; fifteen museums and organizations for scientific research 
in the United States and foreign countries ; twenty-one foreign 
experiment stations; and fifty-seven offices or dqsartments of 
foreign governments. In addition to this they are also sent, for 
purposes of review or abstracting, to seventeen leading scientific 
journals dealing with sugar matters and the various sciences 
which have an economic bearing thereon. Copies are also sent 
regularly to scientists in the United States and abroad who are 
actively engaged in work of a kindred nature. 
The following is a list of these bulletins: 

jlgricnUural and Chemical Scries. 

A. Lavas and Soils of the Hawaiian Islands — Walter Maxwell. 

B. Miscellaneous Pajiers — C. F. Eckart. 

1. Reports for the Year 1895— Walter Maxwell. 

2. Reports for the Year 1897 — Walter Maxwell. 

4. Reports for the Year 1898— Walter Maxwell. 

5. Reports for the Year 1899 — Walter Maxwell. 

6. Rq>orts for the Year 1900— Walter Maxwell. 

7. Reports for the Year 1901— R. E. Blouin. 
S. Reports for the Year 1902— C. F. Eckart. 
9. Reports for the Year 1903— C. F. Eckart. 

10. Varieties of Cane^C. F. Eckart. 

11. Recent Experiments with Saline Irrigation — C. F. I'xkart. 

12. Comparative Analyses of Varieties of Cane— C. F. Eckart. 

13. Fieki Experiments with Sugar Cane — C. F. Eckart. 

14. Irrigation Experiments of 1905 — C. F. Eckart. 
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15. Fertilizer Experiments, 1897-1905— C. F. Fckart, 

16. The Influence of Stripping on the Yield of Cane and Sugar 

— C. F. Eckart. 

17. Comparative Tests with Varieties of Cane — C. F. Eckart. 

18. Hawaiian Waste Molasses— S. S. Peck. 

19. Lysimeter Experiments — C. F. Eckart. 

20. A Theory of the Extraction of Sugar from Massecuitcs— 

Noel Deerr. 

21. Evaporator Scale — S. S. Peck. 

22. A Theory of the Extraction of Juice by Milling— Noel 

Deerr. 

23. Use of Formaldehyde Solution in Sugar Mills— R. S. 

Norris. 

24. The Deterioration of Sugars on Storage— Deerr and Norris. 

25. Results from Stripping Experiments — C. F. Eckart. 

26. Varieties of Cane with Special Reference to Nomenclature 

— Deerr and Eckart. 

27. Total Solids in Mill Products by the Refractometer— S. S. 

Peck. 

28. Fermentation of Hawaiian Molasses— Peck and Deerr. 

29. The Action of Soluble Fertilizers on Cane Soils— C. F, 

Eckart. 

30. The Influence of the Structure of the Cane on Mill Work 

in Sugar Factories^ Noel Deerr. 

31. The Determination of Sucrose in Cane Molasses — Noel 

Deerr. 

32. Bagasse Analysis— Determination of Sugar and Moisture — 

R. S. Norris. 

33. Sulphate Scale in Evaporators — S. S. Peck. 

34. Some Bio-Chemical Investigations of Hawaiian Soils, with 

Special Reference to Fertilizing with Molasses — S. S. 
Peck. 

35. The Inversion of Cane Sugar Under the Influence of Acids 

and Neutral Salts — Noel Deerr. 

36. The Effect of High Temperatures en Cane Sugar in Solu- 

tion- — Deerr. 

37. Lysimeter Experiments — S. S. Peck. 

38. The Milling of Cane Considered in Relation to the Volume 

Occupied by the Fiber— Deerr. 
39 The Influence of Molasses on Nitrification in Cane SoiLs— 
Peck. 

40. Heat of Combustion of Bagasse from Hawaiian tane — 

R. S. Norris, 

41. On Available Sugar and a System of Control in the Boiling 

House — Deerr. 



Hosted by 



Google 



42. An Experimental Study in Multiple Effect Evaporation — 

Noel Deerr. 

43. The Heat Balance of a Cane Sugar Factory — Noel Deerr. 

44. The Implemoiits of the Industry-^H. V. Agee. 

Entomological Scries. 

1. Leaf Hoppers and the Natural Enemies. 

Introduction. 

Part 1. Dryinidae~R, C. I,. Perkins. 

2. Epipropidae — R. C. L. Perkins. 

3. Stylopidae—- R. C L. Perkins. 

4. Pipunculidae — R. C. L. Perkins. 

5. Eorficulidae, Syrphidae, and Hemcroliiidae — 

F. W. Terry. 

6. Mymaridae, Platygasteridae — R. C. T.. Perkins. 

7. Orthoptera, Coleoptera, Hemiptera — (). H. 

Swezey.- 

8. Encyrtidae, Eulophidae. Trichogrammidae — K. 

C. I... Perkins. 

9. Leaf Hoppers — Hemiptera — G. W. Kirkaldy. 
10. Dryinidae, Pipunculidae, Supplementary — K. 

C. I-. Perkins. 

2. Notes on Some Fijian Insects — F. Muir. 

3. Leaf Hoppers — Supplement (Hemiptera) — G. W. Kir- 

kaldy. 

4. Parasites of Leaf .Hoppers — Perkins; Kirkaldy. 

5. The Sugar Cane Leaf Roller (Omiodes acccpla), with an 

Account of Allied Species and Natural Enemies — ^O, H. 
Swezey. 

6. The Hawaiian Sugar Cane Bud Moth (Hreniietis flavis- 

trata). with an Account of Some Allied Species and 
Natural Enemies — O. H. Swezey. 

7. Army Worms and Cut Worms on Sugar Cane in the Ha- 

waiian Islands — Swezey. 

8. A Rihliography of Sugar Cane Entomology — -G. W. Kir- 

kaldy. 

9. On Some New Species of Leaf Hopper (Perkiusidla) on 

Sugar Cane — Muir. 

10. Parasites of Insects Attacking Sugar Cane — R. C. L. 'Per- 
kins. 

IL Parasites of the Family Dryinidae — R. C. L. Perkins. 

12. On Some New Species of Leaf Hoppers — Kirkaldy and 
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